Introduction
In the last 2 decades, the use of excimer laser phototherapeutic keratectomy (PTK) has become an accepted modality for the treatment of several anterior corneal irregularities, including persistent epithelial defects and superficial opacities of the cornea. 1, 2 Epithelial basement membrane dystrophy (EBMD) is commonly treated with PTK at our institution.
EBMD, also known as map-dot-fingerprint, anterior basement membrane, or Cogan's microcystic epithelial dystrophy, is a common dystrophy, with 2% of the population estimated to be affected. EBMD stems from an inherent dysfunction in the basal epithelial cells resulting in the secretion of abnormal basement membrane that extends into the epithelium as well as the accumulation of fibrillogranular material both between Bowman's layer and basement membrane and within the epithelium. Approximately 10% of EBMD patients experience symptoms of either pain from recurrent corneal erosions or decreased vision secondary to corneal surface irregularity. 3, 4 Treatment for symptomatic EBMD begins with topical lubricants, hypertonic solutions, and bandage soft contact lenses, while medically refractory cases are recommended for surgical treatments such as stromal puncture with a needle or neodymium:YAG laser and epithelial debridement. 5, 6 In cases of EBMD, epithelial debridement with diamond-dusted burr polishing or PTK ablation to the level of Bowman's membrane has shown to be effective. [7] [8] [9] [10] [11] To the authors' knowledge, the present study is the largest series of EBMD eyes treated with PTK to date. We present the long-term outcomes of PTK, our preferred technique, performed on a cohort of patients who had failed conservative management for EBMD. We hypothesize that those patients with a favorable early posttreatment course continue to benefit from treatment in the long term.
Methods study design and population
A search of medical records to identify all patients who had undergone PTK for EBMD between September 2000 and September 2015 at the Byers Eye Institute was performed. The benefits and risks of PTK were discussed with all patients, and written informed consent was obtained. Ethical approval for this retrospective study was granted by the institutional review board of Stanford University Medical Center and was conducted in strict adherence to Health Insurance Portability and Accountability Act of 1996 and the tenets of the Declaration of Helsinki. Patients were included in the study if they had failed conservative treatment for EBMD. EBMD patients presented with symptomatic recurrent corneal erosions, irritation, or visual symptoms with morphological slit-lamp findings of EBMD. Patients were considered to have recurrent erosions if they had painful episodes at night or on awakening in conjunction with slit-lamp findings of epithelial irregularity. Eyes were considered to have morphological slit-lamp findings of EBMD if microcysts, maps, dots, or fingerprint changes were seen on slit-lamp examination.
Procedure
A PRK spatula was used to mechanically remove the corneal epithelium. All epithelium within 1 mm of the limbus was removed. The AMO Visx Star excimer laser (193 nm wavelength, 160 mJ/cm 2 fluence; Abbott Medical Optics Inc, Santa Ana, CA, USA) was used for all PTK treatments with a repetition rate of 2 Hz. The central cornea was treated using a 6.0-mm spherical treatment zone with ~5 µm (15-20 pulses) of tissue removal. The peripheral cornea was treated using a spherical 3-mm zone in a donut-like pattern using the joystick and head movement to apply the treatment. Postoperative management included a bandage contact lens used along with fluorometholone (FML) 1% twice a day and moxifloxacin or ciprofloxacin four times a day until the bandage contact lens was removed. FML was used for 2 additional weeks after the contact lens was removed. Patients were continued on Muro 128 for at least 1 month and longer as needed.
Outcome measures
Data were collected at initial visit and each follow-up appointment after PTK. The patient's corrected distance visual acuity (CDVA), symptoms, corneal findings with special attention to corneal haze and EBMD features, history of recent erosions, and manifest refraction were recorded. The presence of recurrent erosions, visual complaints or irritation with characteristic EBMD morphological features anywhere on the cornea 3 months after successful PTK, and reepithelialization were criteria for recurrence.
statistical analysis
CDVA in Snellen acuity was converted to LogMAR for use in calculations. Postoperative CDVA to preoperative CDVA was compared with paired, 2-tailed t-test for normally distributed data and with Wilcoxon signed-rank test for nonnormally distributed data as determined by the Shapiro-Wilk test. Postoperative CDVA and duration of time to recurrence between subgroups were compared with 2-variable t-test for normally distributed data and with Wilcoxon rank-sum test for non-normally distributed data as determined by the Shapiro-Wilk test. The correlation of CDVA stability with time was estimated by calculating the Pearson productmoment correlation coefficient. The cumulative probability of recurrence of EBMD-related symptoms was determined using the Kaplan-Meier method. Statistical analysis was performed using Stata (StataCorp LP, College Station, TX, USA) and Excel (Microsoft Corporation, Redmond, WA, USA).
Results

Patient population
Fifty-eight eyes from 51 patients were studied. All patients had complete ophthalmologic examination including CDVA 
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PTK for eBMD and slit-lamp biomicroscopy before surgery. A total of 25 males and 26 females were included. The average age was 52 years, range (31-84 years). Of the 58 eyes, 29 (50%) had recurrent erosions; 30 (52%) had visual symptoms, including glare, photophobia, blur, or image distortion; and 4 (7%) had a combination of erosions and visual symptoms. Patients were followed up for a minimum of 3 months postoperatively, with a range of follow-up from 3 to 170 months. A total of 32 eyes had at least 1 year of follow-up, and a total of 11 eyes had at least 5 years of follow-up.
Visual acuity
For patients presenting with symptoms of visual disturbances, the average visual acuity preoperatively was ~20/32 (Log-MAR 0.24 ± SD 0.21). The mean final postoperative CDVA was ~20/25 (LogMAR 0.07 ± SD 0.12; P0.0001; Table 1 and Figure 1A ). Of the 30 eyes in this cohort, 14 (46.7%) gained 2 lines of visual acuity, 8 (26.7%) gained 1 line, 7 (23.3%) had the same CDVA, and 1 (3.3%) lost 2 lines of visual acuity compared to preoperative measurement. CDVA gains were stable with no significant trend toward improving or worsening CDVA with longer follow-up ( Figure 2A ).
For patients presenting with symptoms of pain from recurrent erosions, the average visual acuity preoperatively was ~20/25 (LogMAR 0.12 ± SD 0.19). The mean final postoperative CDVA was ~20/20 (LogMAR 0.05 ± SD 0.16; P=0.0785; Figure 1B ). Of the 29 eyes in this cohort, 5 (17.2%) gained 2 lines of visual acuity, 8 (27.6%) had the same CDVA, 6 (20.7%) lost 1 line, and 1 (3.4%) lost 2 lines of visual acuity compared to preoperative measurement. CDVA gains were stable with no significant trend toward improving or worsening CDVA with longer follow-up ( Figure 2B ).
There was no statistically significant difference in postoperative CDVA between the 2 groups of patients. However, patients presenting with symptoms of visual disturbances did have worse preoperative CDVA compared to patients Figure 3A) .
For patients presenting with symptoms of pain from recurrent erosions, 23 out of 29 eyes (79.3%) experienced initial resolution of symptoms following PTK. Of these 23 eyes, 3 eyes (13.0%) experienced a recurrence of symptoms at an average follow-up time of 9.7 months postoperatively (range 8-11 months, SD 1.5). All 3 of these eyes had recurrence of painful erosions within the first year postoperatively. A total of 5 out of 29 eyes (17.2%) demonstrated morphologic recurrence of EBMD findings on postoperative slit-lamp examination. Of these, only 1 eye (20%) reported symptomatic recurrence of painful erosions. Of the 6 eyes that did not respond initially to PTK, 2 eyes underwent repeat PTK, with 1 of these eyes reporting improved but persistent symptoms at the final follow-up and 1 eye reporting no further symptoms at the final follow-up. Of the 3 eyes experiencing recurrence of painful erosions, 1 underwent repeat PTK with no further symptoms at the final follow-up. The probability of being recurrence free for symptomatic erosions at 5 years postoperatively for eyes that had an initial treatment response to PTK was estimated at 88.0% (95% CI 65.3%-96.6%) by the Kaplan-Meier analysis ( Figure 3B ).
When comparing between the 2 groups, there were no statistically significant differences in rates of primary treatment response, rates of symptomatic recurrence, or time to recurrence.
Complications
Postoperatively all corneas reepithelialized within 14 days and 91% within 7 days, and no infections occurred. For patients presenting with symptoms of visual disturbances, the 1 eye (3.3%) with reduced CDVA postoperatively had a final CDVA of 20/50 (LogMAR 0.4) and was noted to have corneal edema and stromal haze that had not been present Figure 3 Kaplan-Meier estimate showing the cumulative probability of symptomatic recurrence for (A) visual disturbances and (B) erosions after initial treatment response to PTK for eBMD refractory to medical treatment. Notes: The probability of being recurrence free after initial treatment response for visual disturbances (A) and erosions (B) at 5 years postoperatively was estimated at 83.0% (95% Ci 68.7%-97.0%) and 88.0% (95% Ci 65.3%-96.6%), respectively. Abbreviations: PTK, phototherapeutic keratectomy; EBMD, epithelial basement membrane dystrophy; CI, confidence interval. 
Discussion
Our study of 58 PTK-treated eyes with EBMD is, to our knowledge, the largest series described thus far for EBMD treated with PTK. The results of our study support previous findings that PTK is effective in treating both the recurrent erosions and visual disturbances that result from EBMD. 2, 8, [12] [13] [14] Moreover, this study has demonstrated that improvement in visual acuity and epithelial integrity is stable in long-term follow-up.
In comparing outcomes between these 2 groups, we found similar rates of primary treatment response, with the majority of patients responding to treatment and the majority of responders having sustained relief from symptoms on longterm follow-up. Although recurrence of erosions tended to present earlier than recurrence of visual disturbances, there was no statistically significant difference in time to recurrence between the 2 groups.
Overall, we found PTK for EBMD to be a safe procedure with similarly low complication rates between the 2 groups. The only significant difference in the complication rate between the 2 groups was the greater proportion of patients with reduced postoperative CDVA in patients presenting with recurrent erosions. We hypothesize that this is related to the better preoperative CDVA for this group at baseline and thus higher probability of worse CDVA on repeat testing with expected fluctuations in performance. In support of this hypothesis, there was no significant difference in postoperative CDVA between the 2 groups of patients.
Other commonly practiced methods of surgically treating EBMD include epithelial debridement alone or epithelial debridement with anterior stromal puncture or diamonddusted burr polishing of Bowman's layer. Our outcomes appear comparable to the reported outcomes for these treatment modalities.
Itty et al 15 reported a study of 74 eyes treated with epithelial debridement with and without anterior stromal puncture. Although both eyes with visual disturbances and painful erosions were included, there was no separate analysis performed for these 2 groups. They found that at an average 33 months follow-up, there was a 24% morphologic recurrence rate that projected to 44.7% by 5 years. However, they were unable to determine the symptomatic effect of this morphologic recurrence. We found a similar rate of morphologic recurrence at the final follow-up (20.0% for patients with visual disturbances and 17.2% for patients with painful erosions), but many of these patients did not experience recurrent symptoms. All eyes in that study had same or improved CDVA at follow-up. Although our study had a larger proportion of patients with worse postoperative CDVA, this was seen primarily in our patients with painful erosions, which comprised only 18% of eyes in the study by Itty et al, while comprising 49.2% of our study population.
Aldave et al 16 found that the use of epithelial debridement and diamond-dusted burr polishing of Bowman's layer for recurrent corneal erosions and visually significant epithelial irregularity associated with EBMD and corneal trauma resulted in improved visual acuity and resolved recurrent erosions at an average 18.9 months follow-up in 96% of 25 eyes, which compared favorably to our primary treatment response rate of 79.3% for recurrent erosions. They found that 12/47 (25.5%) eyes developed new mild central subepithelial haze but that this haze was not associated with decreased vision. This was similar to our rate of new corneal haze postoperatively (15.5%). In a follow-up study by the same group, epithelial debridement and diamond-dusted burr polishing were found to result in no recurrent erosions in 95% of 37 eyes with a mean of 33.2 months of follow-up. 17 In all 22 eyes treated for visual disturbances with 3 months of follow-up, there was no morphologic recurrence of EBMD and recurrence of symptomatic visual disturbance. Soong et al 18 evaluated the use of diamond-dusted burr polishing of Bowman's layer in the setting of recurrent erosions due to both EBMD and no corneal dystrophy. Over an average follow-up of 12.3 months, they found a 6% rate of recurrent erosions and concluded that diamond-dusted burr polishing was a safe and less costly alternative to PTK for the treatment of recurrent erosions due to EBMD. 12 compared the outcomes of PTK versus diamond-dusted burr polishing of Bowman's layer specifically for recurrent erosions in EBMD. In 15 eyes, Bowman's membrane was ablated with PTK, and 27 eyes underwent diamond-dusted burr to polish Bowman's membrane in the area of the epithelial defect. They reported a higher incidence of corneal haze in the PTK group compared to that in the diamond burr group, 5 eyes (35.7%) compared to 7 eyes (25.9%), respectively. A higher rate of recurrent erosions was reported in the PTK group than in the diamond burr group, 4 eyes (26.7%) compared to 3 eyes (11.1%), respectively. Visual acuity outcomes were slightly better in the PTK group than those in the diamond burr group. They found no statistical difference between the groups in terms of visual outcome, corneal haze, or recurrence. Our series reports a lower rate of corneal haze, (15.5%), with no statistical difference in CDVA between the groups with and without new corneal haze. We report a lower recurrence rate for erosions (13.0%) but a larger proportion of eyes with reduced visual acuity (24.1%). Notably, Sridhar et al did not explicitly report their primary treatment response rate, whereas our recurrence rate for erosions is specifically for patients who experienced a primary treatment response.
Previous studies reporting on the outcomes of PTK for EBMD show similar results in visual improvement with differences in the recurrence rate that may be accounted for by differences in the population and type of recurrence. Orndahl 14 reported a 46% total recurrence rate and 13% symptomatic recurrence rate for either visual disturbances or erosions in 51 eyes at an average 43 months of follow-up.
There are important limitations to the present study. First, the retrospective study design did not allow for prospective ascertainment of recurrence. This also led to heterogeneous follow-up times and thus nonuniform data. Future studies assessing efficacy of treatment for EBMD may benefit from prospective data collection to avoid these limitations.
Conclusion
Our results have demonstrated that both visual disturbances and painful erosions associated with EBMD can be expected to respond to PTK in the majority of cases, and for those cases that show a treatment response, relief from symptoms is maintained over long-term follow-up. Prior studies have shown good efficacy and safety for less costly alternatives, including epithelial debridement, anterior stromal micropuncture, and diamond-dusted burr polishing. Thus, despite the positive outcomes we report here for PTK in treating EBMD, ophthalmologists may want to consider initial treatment with more cost-effective treatment modalities prior to PTK.
EBMD is a heterogenous group of dystrophies leading to the classic EBMD changes. 3, 19 PTK may not correct the underlying pathology in some forms of EBMD, perhaps leading to a subgroup of patients with either no primary treatment response or early recurrence after PTK. More detailed studies exploring the clinical-molecular correlations behind EBMD are needed to better understand and predict both treatment response and recurrence. In the meantime, the results of this study may better inform ophthalmologists and their patients regarding the likelihood of treatment response, recurrence, and complications for PTK in the setting of EBMD.
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